P ostoperative complications after total hip arthroplasty (THA) include acute renal failure, cardiovascular events, confusion, pneumonia, pressure ulcers, urinary infection, urinary retention, venous thromboembolism, and wound infection. [1] [2] [3] [4] [5] [6] [7] [8] Postoperative complications following THA might be associated with increased mortality. 2 Accordingly, it would be valuable to predict the likelihood of postoperative complications and mortality after THA in elderly patients.
The Norton scoring system is a global scale used by nurses to evaluate pressure ulcer risk. It includes 5 domains: physical condition, mental condition, activity, mobility, and incontinence. 9 Because these domains concern fundamental aspects of well-being, the Norton scoring system may be used to predict postoperative complications other than pressure ulcers. The current authors have previously shown that low admission Norton scale scores (ANSS) are associated with postoperative complications other than pressure ulcers after urgent hip fracture surgery and spine fracture surgery in elderly patients. 10, 11 The current study evaluated whether low ANSS also are associated with postoperative complications other than pressure ulcers and with 1-year mortality after elective THR in elderly patients.
Materials and Methods

Study Design
This retrospective, cross-sectional study was conducted at the division of orthopedic surgery in Tel-Aviv Sourasky Medical Center, a tertiary medical center in Israel. The electronic medical charts of consecutive elderly patients (65 years or older) admitted for elective THA between February 2008 and November 2010 were reviewed. The study was approved by the institutional review board.
Measurements
The following measurements were documented: ANSS, demographics, comorbidities, postoperative complications, and 1-year mortality. The admission Norton scale was used routinely by nurses to evaluate all patients preoperatively. An orthopedic surgeon (R.S.) and an internist (D.J.) reviewed all discharge letters, physical examination notes, and laboratory charts and documented data concerning demographics, comorbidities, and postoperative complications, including acute renal failure, cardiovascular events, confusion, pneumonia, urinary infection, urinary retention followed by catheter insertion, venous thromboembolism, wound infection necessitating systemic antibiotics or drainage, and all other systemic infections or complications. The appearance of pressure ulcers in all stages was documented. Dislocations and the need for blood transfusions due to operative blood loss were not included in the list of postoperative complications. Data concerning mortality were extracted from the Israeli general register office.
Patient Population
The preliminary study included 193 consecutive elderly patients admitted for elective THA. Twenty-seven patients for whom ANSS were not documented in the electronic charts were excluded from the study, leaving 166 patients in the study. For 3 patients who underwent THA twice during the study, only data concerning the first surgery were included in the analysis.
Norton Scoring System
Each of the 5 domains of the Norton scoring system was assessed on a scale of 1 to 4 points. Hence, the final score ranged from 5 to 20 points. 9 A final score of 16 points or less was considered low and represented a high risk for pressure ulcers. 12 The sensitivity and specificity of the Norton scoring system was 63% and 70%, respectively. 9, 12 The inter-rater reliably of different domains of the Norton scoring system ranged between 0.558 and 0.761.
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Statistical Analysis
Continuous variables were expressed as mean6SD, median, and interquartile range (IQR). The t test was used to compare the mean values of continuous variables with parametric distributions. The Mann-Whitney U test was used to compare the mean values of continuous variables with nonparametric distributions. Fisher's exact test was used to compare the prevalence of categorical variables. Binary regression analysis was used to study which variables were independent- [17] [18] [19] [20] , and 24 (14.5%) patients had low (16 or less) ANSS. Except for age, which was significantly higher among patients with low ANSS compared with patients with high ANSS, no significant differences were found in the prevalence of comorbidities between patients with low and high ANSS ( Table 2) .
Patients with low ANSS (16 or less) had significantly more postoperative complications other than pressure ulcers compared with patients with high ANSS (0.560.7 vs 0.260.4, respectively; P5.018) and acute renal failure (Table 2) . Among all postoperative complications, only pressure ulcers were independently associated with low ANSS (Table 3) . However, low ANSS were independently associated with the presence of all postoperative complications other than pressure ulcers (Table 4) . Low ANSS were not associated with 1-year mortality.
discussion
Pressure ulcers are a major problem associated with morbidity and mortality. Risk assessment scales, such as the Norton scoring system, have been available for assessing the risk of pressure ulcers for approximately 50 years, but some researchers question their usefulness in predicting pressure ulcers.
14, 15 The current study indicates that it is too early to abandon the Norton scoring system because pressure ulcers have been independently associated with low ANSS, and low ANSS have been independently associated with postoperative complications other than pressure ulcers.
These findings are consistent with previous studies showing that the Norton scoring system may have prognostic features other than predicting pressure ulcer risk, such as predicting postoperative complications and in-hospital mortality in elderly patients after hip fracture surgery, 11 pre- dicting postoperative complications in elderly patients after spine fracture surgery, 12 and predicting the length and outcome of rehabilitation in elderly patients after any type of hip surgery, 16 stroke, 17 and hospitalassociated deconditioning. 18 Moreover, the current authors recently showed that the Norton scoring system may be used for predicting mortality long after rehabilitation in elderly patients. 19 Contrary to previous studies that have included elderly patients with hip and spine fractures, 10,11 the current study included only elderly patients undergoing an elective procedure. Accordingly, mean ANSS in the previous studies were 14.6 and 15.9, respectively, 10,11 whereas mean ANSS in the current study was 18.6. Moreover, the IQR of ANSS in the previous studies was 14 to 16 and 14 to 18, respectively, 10,11 whereas IQR of ANSS in the current study was 17 to 20. Therefore, the current study demonstrated relatively high ANSS and low ANSS variability. However, binary regression analysis demonstrated that low ANSS were independently associated with the appearance of postoperative complications other than pressure ulcers. This finding reinforces the prognostic value of low ANSS.
Predicting postoperative complications after elective THA in elderly patients has important clinical implications. Current results show that elderly patients with low ANSS after elective THA are at risk for more postoperative complications compared with patients with high ANSS and for acute renal failure in particular. Because acute renal failure is prevalent after THA, 1 orthopedic surgeons should pay special attention to anemia, dehydration, and nephrotoxic agents in elderly patients with low ANSS after elective THA to prevent this complication.
The Charlson comorbidity index 20 has been used to predict postoperative complications after THA in elderly patients. 21 However, this index is difficult to implement in large-scale populations. However, the Norton scoring system is simpler to evaluate, is not time consuming, and, therefore, can be used as a screening geriatric assessment tool by nurses and orthopedic surgeons who are not familiar with traditional geriatric and rehabilitation scales. In addition, the Norton scoring system is used successfully throughout the world.
One limitation of the current study is the use of ANSS of 16 or less as the cut- off for low ANSS in contrast to the use of ANSS of 14 or more as the cutoff for low ANSS in previous studies. 10, 11 Using different Norton scale scores cutoffs between 14 and 16 is acceptable in clinical studies, although ANSS of 16 or more are probably more sensitive in predicting pressure ulcers risk in clinical practice.
conclusion
The current study proposes that, in addition to predicting pressure ulcer risk, the Norton scoring system should be used to predict other postoperative complications in elderly patients after elective THA.
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